This paper reports a QSAR study for predicting carcinogenic potency of nitroso-compounds bioassayed in female rats administrated by gavage as oral route. Several different theoretical molecular descriptors, -0D, 1D and 2D -calculated only on the basis of knowledge of the molecular structure and an efficient variable selection procedure, such as Genetic Algorithm, led to models with satisfactory predictive ability. But the best-final QSAR model is based on the combination between; 0D, 1D and 2D-DRAGON descriptors capturing a reasonable interpretation. This QSAR model is able to explain around 86% of the variance in the experimental activity and manifest good predictive ability as indicated by the higher q 2 s of cross validations, which demonstrate the practical value of the final QSAR model for screening and priority testing. This model can be applied to nitroso-compounds different from the studied nitroso-compounds (even those not yet synthesized) as it is based on theoretical molecular descriptors that might be easily and rapidly calculated.
Introduction
Carcinogenesis is a problem known to affect population all over the world and a major international health issue. Almost every sphere of human activity in society faces exposure to potential chemical hazards of some sort. Prevention of environmentally-induced cancers is a major health problem whose solutions do depend on the rapid and accurate screening of potential chemical hazards. Lately, theoretical approaches such as; Quantitative Structure−Activity Relationship (QSAR) are increasingly used for accessing the risks of environmental chemicals, since they can markedly reduce costs, avoid animal testing, and speed up policy decisions.
Amongst other chemicals, the nitroso-compounds are most likely the more important carcinogens. Of the 300 nitroso-compounds evaluated so far, more than 90 % have demonstrated to be carcinogenic in a wide variety of animal species 1 . These compounds are known to induce tumors in several vital organs causing pancreatic cancer, gastrointestinal cancer, renal or childhood brain tumors, etc. 2, 3 . This has stimulated several experimental and theoretical investigations about cancer induction by this family of compounds [3] [4] [5] [6] .
Sources of human exposure to such compounds range from occupational settings (e.g.: in the rubber industry) to the proper life style (diet, tobacco habits, use of cosmetics) or resort to pharmaceuticals and agricultural chemicals 7 . Furthermore, they can be generated in the body by nitrosation of amines or by reaction with products of nitric oxide generated during inflammation or infection.
The present work aims at developing a validated QSAR model for predicting the toxicity of environmental nitroso-compounds from molecular structure alone. The toxicological endpoint is carcinogenic potency, TD 50 , of a set of 26 nitroso-compounds, divided into N-nitrosoureas (12 chemicals), N-nitrosamines (13 chemicals) and C-nitroso-compounds (1 chemical), which have been bioassayed in female rat using gavage as route of administration. We examined the use of regression models along with feature selection algorithms derived from a variety of molecular representations. For this training set, the combined descriptors provided the best model and exhibited good quality and predictive power, as judged by extensive cross-validation. Our final model shall aid in the future as an oriented tool toward preliminary ranking and prioritization of chemicals for toxicological assessment or the synthesis of nitroso-compounds with lower carcinogenicity.
Results and Discussion
For QSAR modelling, several combinations of DRAGON descriptors -0, 1 and 2 dimensionwere considered in our study (see Table 1 ). Following the principle of parsimony 8 we choose the five-variable models as the "best" models. 
2D
Calculated by the eigenvalues of square (usually symmetric) matrix representing a molecular graph As can be seen in Table 2 , the value of determination coefficients; R 2 is lower than 82 for all methodologies, except the 0D-2D combination, which has an R 2 equal to 88.56. This model also An aspect deserving special attention is the degree of colinearity between the variables of the model, which can readily be diagnosed by analyzing the cross-correlation matrix ( Table 3) . As seen in Table 3 , the pair of descriptors, (VEA2; BEHm7) is correlated each with other. For that reason, it is of interest to examine the performance of orthogonal complements. Table 5 . versus leverages (x-axis) for each compound of the training set. From this plot, the applicability domain is established inside a squared area within ±2 standard deviations and a leverage threshold h* (h* = 3p´/n, being p´ the number of model parameters and n the number of compounds). As seen in figure 1 , the majority of compounds of the training set are inside of this area, however one nitroso-compound (chemical 15) has a leverage greater than h*, but show standard deviation values within the limit, which implies that they are not to be consider outliers but influential chemicals 13 . For future predictions, predicted carcinogenicity data must be considered reliable only for those chemicals that fall within the applicability domain on which the model was constructed 
Conclusions
The relationship between the chemical structure of nitroso-compounds and their carcinogenicity in female rats administrated by gavage oral route has been investigated with the principal objective of developing QSAR models for setting testing priorities, and for screening of putative new chemical molecules before their synthesis. The use of several different theoretical molecular descriptors, calculated only on the basis of knowledge of the molecular structure, and an efficient variable selection procedure, such as Genetic Algorithm, led to models with satisfactory predictive ability for carcinogenicity.
The most accurate QSAR model was based on a combination between 0D, 1D and 2D DRAGON descriptor capturing a reasonable interpretation. This model can be applied to novel nitrosochemicals as it is based on theoretical molecular descriptors that might be easily and rapidly calculated. Finally, it must be underlined that the predicted data must be considered reliable only for those chemicals that fall within the applicability domain on which the model was obtained. Molecular Descriptors. Our models are based on nine different sets of descriptors with a long history of usage in structure-activity and structure-property correlation [17] [18] [19] [20] [21] , which are available in the DRAGON software package (version 5.4 -2006) 22 . These sets of molecular descriptors can be grouped into according to their dimensionality in: 0D, 1D and 2D, which are conformationally independent. The type of the descriptors used in this study is given in Table 1 . 
Materials and Methods

Data set. A set of 26 nitroso-compounds (N-nitroso and C-nitroso)
Feature selection. The Genetic Algorithm (GA) approach was used as the variable selection method 24, 25 . Starting from a population of 100 random models with a number of variables equal to or less than a user-defined maximum value, the algorithm explores new combinations of variables, selecting them by a mechanism of population evolution involving processes analogous to biological reproduction/mutation. The models based on the selected subsets of variables were tested and evaluated by the cross-validated explained variance (q 2 ), and only the best quality models were retained in the population undergoing the evolution procedure. The variables for the obtained models were found to be highly significant, within a 95% confidence level. Apart from the classical regression parameters listed above, we analyzed other important statistics, the Akaike's information criterion (AIC) and the Friedman´s lack-of-fit function (LOF) 9 . These gave us enough criteria for comparing models with different parameters, numbers of variables and chemicals.
In summary, good overall quality of the models is indicated by a large F (significance of the 
